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HAWAITAN MONK SEAL (Monachus schauinslandi)

STOCK DEFINITION AND GEOGRAPHIC RANGE

Hawaiian monk seals are distributed throughout the Northwestern Hawaiian I slands (NWHI) in six main
reproductive populations at French Frigate Shoals, Laysan Island, Lisianski Island, Pearl and Hermes Reef, Midway
Atoll, and Kure Atoll. Small populations at Necker Island and Nihoa Island are maintained by immigration, and afew
seals are distributed throughout the main Hawaiian Islands. Studies of Hawaiian monk seals have focused on their
abundance and behavior on land during the rep roductiv e season (spring and summer). Expanded research isunderway,
but currently the pelagic distribution and behavior of monk seals cannot be fully characterized.

In the last two centuries, the gpecies has experienced two major declines which, presumably, hav e severely
reduced its genetic variation. Thetendency for genetic drift may have been (and continue to be) relatively large, due
to the small size of different island/atoll populations. However, 10-15% of these seals migrate among the popul ations
(Johnson and Kridler 1983; National M arine Fisheries Service [NMFS] unpubl. data) and, to some degree, this
movement should counter the development of separae genetic stocks. Genetic variation anong the different island
populationsis low (Kretzmann et al., 1997).

Demographically, the different idand populations have exhibited considerable independence. For example,
abundance at French Frigate Shoals grew rapidly during the 1950s to the 1980s, while other populations declined
rapidly. However, variaion in past population trends may be partially explained by changes in the level of human
disturbance (Gerrod ette and Gilmartin 1990). Current demographic variability among the island populations probably
reflects a combinationof different recenthistories and varying environmental conditions. While research and recov ery
activities focus on the problems of single island/atoll populations, the species is managed asa singlestock.

POPULATION SIZE

Abundance of the main reproductive populationsis best estimated using the number of sealsidentified at each
site. Individual seals are identified by applied flipper-tags and bleach-marks, and natural features such as scars and
distinctive pelage patterns. Flipper-tagging of weaned pups began in the early 1980s, and themajority of the sealsin
the main reproductive populations can beidentified on the bas s of those tags. In $99+1998, identification efforts were
conducted during tw o- to five-month studies atall main reproductive stes except Midway Atoll, where the study period
was 812 months. A totd of 295 1308 seals (including 246 pups) were observed at the main reproductive popul ations
in 9941998 (NMFS, unpubl. data). Removal analyses in previousyears and sighting probability calculations suggest
that 90% or mor e of the seals were identified at each site (i.e., any negative bias should be less than 10%).

Monk seals also occur at Necker and Nihoalslands, whererepeated countsin asngleyear were lastconducted
in 1993. Single countsin subsequent y ears do not indicate abundan ce at those siteshas changed appreciably. The 1993
studieswere not of sufficient durationtoidentify all individuals, so local abundanceisbestestimated by correcting mean
beach counts and assuming that abundance at these sites has not changed. In 1993, mean (+SD) counts (excluding pups)
were 22 (+5.2) at Necker Island and 18 (+£7.3) at Nihoa Island (Ragen and Finn 1996). T he observed relationship
between mean counts and total abundance at the reproductive sites indicatesthat the total abundance can be estimated
by multiplying the mean count by a correction factor (+SE) of 2.89 (+0.06, NM FS unpubl. data). Resulting estimates
(plus the number of pups bornin 1993) are 65 (x15.1) at Necker Island and 56 (+21.1) at Nihoa Island.

Finally, a small number of seas are distributed throughout the main Hawaiian Islands. These include an
unknown number of seals, which naturally occur in the main Hawaiian Islands. In addition, twenty-one seals were
released around these islandsin 1994. All but two were subsequently resighted near their respective release sites but
their survival to 199#8 isunknown. Sporadic reportsindicate total abundanceon the main Hawaiian Islands(including
sealsreleased in 1994) may be as high as 40 seals.

Minimum Population Size

The total number of sealsidentified at the main reproductive sitesisthe best estimate of minimum population
sizeat thosesites(i.e., #295 1308 seals). Minimum popul ation sizes for Necker and Nihoalsland s (based ontheformula
provided by Wade and Angliss (1997)) are 54 and 41, respectively. If it is(arbitrarily) assumed that the abundance
estimate for seals in the main Hawaiian Islands is say, 40 +10 seals (i.e., a coefficient of variation of 0.25), then an
estimate of the minimum population size in the main Islands is 33 seals. The minimum population size for the entire
stock (species) is the sum of these estimates, or 3423 1436 seals.
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Current Population Trend

Between 1958 and 991998, the total of mean non-pup beach counts at the main reproductive populations
declined by 60%. From 1985 to $99%1998, the rate of decline was ca. 43% yr, although there has been little change
since 1993 (Fig. 1). Further decline is likely, due to extremely high juvenile mortality and an imminent drop in
reproductive recruitment in the largest population (French Frigate Shoals).

CURRENT AND M AXIMUM NET PRODUCTIVITY RATES

Assuming mean beach countsare areliable index of total abundance, thenthe currentnet productivity rate for
this speciesis-8:-84 -0.03 yr! (loglinear regression of beach counts of non-pups, 1985-9%8; R*> = 0.82, P<0.001). This
trendislargely dueto acatastrophic decline at French Frigate Shoal s, where non-pup beach counts decreased by 56 60%
between 1989 and £39+1998. Populations at L aysan and L isianski I slands have not grow n, but hav eremainedrelatively
stable since approximately 1990.

Contrary to trends at the above sites, the
population at Kure Atoll hasgrown at ca. 5% yr?

since 1983 (loglinear regression of beach counts,
1983-978; R?= 8-750.79, P<0.001), duelargely to 00 1
decreased human disturbance and introduced 2
females. The population at Pearl and Hermes Reef nj_ 550 b
has grown at approximately 7% yr since 197583 5 | = [ |
(loglinear regressionof beach counts, 1975-19978; .,Z_ 500 1 L2
R?=6:9%0.81, P<0.001). Thelatter annual growth gdﬁﬂ h:
rate is the best indicator of the maximum net E ™ m
productivity rate (R for this species. Finally, = =
the small population at Midway Atoll is showing § 00 - \b-k._.
signs of incipientrecovery. E 340
POTENTIAL BIOLOGICAL REMOVAL 300
The potential biological removal (PBR) 1984 1986 1988 1990 1992 1994 1995 1998 2000
level for this stock is calculated as the minimum Year
population size {35423)-(1,436) times one half the
default maximum net growth rate for this stock (Y2

of 7%) times a recovery factor of 0.1 (for an Figurel. Meanbeach countsof Hawaiian monk seals (non-pups)
endangered species, Wade and Angliss 1997), at the main reproductive rookeries (excluding Midway Atoll),
resulting in a PBR of 5 monk seals per year.  1986-97.

However, the Endangered Species Act takes

precedence in the management of this species and, under the Act, dlowable take is zero.

HUMAN-CAUSED MORTALITY AND SERIOUSINJURY

Human-related mortdity hascaused two major declines of the Hawaiian monk seal. In the 1800s, this species
was decimated by sealers, crews of wrecked vessels, and guano and feather hunters (Dill and Bryan 1912; Wetmore
1925; Clapp and Woodward 1972). Several populationsmay have been driven extinct; for example, no sealswere seen
at Midway Atoll during a 14-month period in 1888-89, and only a single seal was seen during three months of
observations at Laysan Island in 1912-13 (Bailey 1952). A survey in 1958 indicated at least partial recovery of the
speciesin the first half of this century (Rice1960). However, subsequent surveys revealed that all popul ations except
French Frigate Shoals declined severely after the late 1950s (or earlier). This second declinehas not been explained at
Pear| and Hermes Reef, or Lisianskiand Laysan Islands. At Kure Atoll, Midway Atoll, and French FrigateShoals, trends
appear to have been determined by the pattem of human disturbance from military or U.S. Coast Guard activities. Such
disturbance caused pregnant femalesto abandon prime pupping habitat and nursing females to abandon their pups
(Kenyon 1972; Gerrodette and Gilmartin 1990). The result was a deaease in pup survival, which led to poor
reproductive recruitment, low productivity, and population decline.




Fishery Information

Detrimental fishery interactions with monk seals fall into four categories: operations/gear conflict,
entanglement in fisheries debris (most of which likely originae in North Pacific fisheries outside the NWHI), seal
consumption of potentially toxic discards, and competition for prey. Since 1982, a total of sewven nine fishery-related
monk seal deaths have been recorded, includingfett six from entanglement in fisheriesdebris (Henderson 1990; NMFS,
unpubl. data), one from entanglement in the bridle rope of lobger trap (1986; NMFS, unpubl. data), one from
entanglement in an illegdly set gill net off the western shore of Oahu (1994; NMFS, unpubl. data), and one from
ingestion of a recreational fish hook and probable drowning off the island of Kauai (1995; NMFS, unpubl. data). In
addition, £617 other seds have been observed with embedded fish hooks, 23 seals have been observed with wounds
attributedto interactionswith fishing gear, and £54 172 cases of seal sentangledin fishing gear or other debrishave been
observed through 1998. Importantly, the majority of these deaths and injurieshave been observed incidentally during
land-based research or other activities; monk seal/fisheries interactions need to be studied-rroerethoretghty monitored
to assess the rate of fisheries-related injury or mortality for this species.

Four fisheries interact with Hawaiian monk seals The NWHI Iobster fishery began in the late 1970s, and
devel oped rapidly inthe early 19805(PO|0VI na, 1993)

as- The number of vesselsin the fishery increased
from four in1983to 17 in 1985 then deei+ned—t949ﬁr27975ﬂrsraﬁd-9-m—]:99&h+eﬂg-h—]:99¥ranged from 0-12 during
1991-1998, with fivevessel sparticipating in1998 (Dollar 1995; DiNardo et al. 1998 ; Kawam oto and Pooley, in press).
Historically, both effort and landingshave been concentrated at Gardner Pinnacles, M aro Reef, Necker Island, and St.
Rogatien Bank (Clarke and Todoki 1988; Polovina and M offitt 1989). However, spatial management of the NWHI
lobster fishery began in 1998 with the formation of four management areas: Necker Island, Maro Reef, Gardner
Pinnacles, and all remaining banks from Nihoa Island in the east to Kure Atoll in the west (called Area 4). This
approach was adopted in an effort to prevent |ocal depletion of lobster stocks at Necker Island, Maro Reef, and Gardner
Pinnacles and to disperse fishing effort, which in recent yearshas been limited to Necker Idandand Maro Reef. Asa
result of the new management approach, 48,100 lobsters comprising 21% of the totd catch wastaken from Area 4

which had not been fished sincethe early 1990's (DiNardo et al.1998; Kawamoto and Pooley in press). A significant
portlon of the Area4 calch in 1998 was taken at Iocatlons where monk seal subpopulations occur. -Seasenat-ane-area

vattated Neither incidental mortality nor serious
injury were observed in #39#1998. Aswas noted, one mortality was documented in 1986; a monk seal drowned after
becoming entangled in the bridle rope of an actively fishing lobster trap near Necker Island. However, the potential for
indirect interaction due to competition for prey has not been thoroughly investigated (see Habitat Issues below).

The NWHI bottomfish fishery also interacts with monk seals. Thisfishery occurred at low levels(< 50t per
year) until 1977, steadily increased to 460 metric tonsin 1987, ane-then dropped to 284 metric tonsin 1988, and varied
from 137 - 201 metric tons per year from 1989-1998 ea—]:49—te—]:9€+pe1=yeaﬁf-rem—]:988—te—]:994 (Kawamoto 1995;
Kawamoto pers. comm.).
eemm) The number of vessels rose from 19 in 1984 to 28 in 1987, and then varied from 10 to 17 in 1988 through
$99+1998 (Kawamoto 1995; K awamoto, pers. comm.). The fishery was monitored by observersfrom October 1990
to December 1993 (ca. 13% coverage), but is currently monitored by the State of Hawaii usinglogbooks. Importantly,
the State logbook does notinclude infor mation onprotected speciesand, therefore, the nature and extent of interactions
with monk sealscannot be reliably assessed. Nitta and Henderson (1993) evduated observer data from 1991-92 and
reported an interaction rate of one event per 34.4 hours of fishing, but they do not provide aconfidenceinterval for their
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estimate. The events included seals damaging and removing hooked catch, seal sbeing hooked in the process, and seals
consuming discarded fish, which may contain high levelsof ciguatoxin or other biotoxins. Mortality ratesresulting from
hooking or consumption of toxic discards cannot be estimated with the available data. The ecological effects of this
fishery on monk seals (e.g., competition for prey or alteration of prey assemblages by removal of key predator fishes)
are unknown.

A third fishery which interacts with monk seals is the pelagiclongline fishery. This fishery targets swordfish
and tunas, primarily, and does not compete with Haw aiian monk seals for prey. The fishery began in the 1940s and
operated at arelatively low level (<5000t per year) until the mid-1980s.1n 1987, 37 vessls participated, but by 1991,
the number had grown to 141 (Ito, 1995). The number of active vesselsranged from 103-141 during 1991-98. Entry
|scurrently I|m|ted to amaximum of 46+ 164 vesselsg toand M achado in press). ane-24-116-163and-H05vessets

v v M s —Total landings ranged from 9;366-43;560
8,100-13,000 metric tons during 1991-+99+1998. Whlle much of the fishery has operated outside of the NWHI
Exclusive Economic Zone, the rapid expansion raised concerns about the potential for interactions with protected
species, including the monk seal. Evidence of interactions began to accumulate in 1990, including three hooked seals

and 13 unusual seal woundsth ought to have resultedfrom interactions. +n-6et-ebeH:99i—N—M—FS—eeEabH—ehed—apeHﬂ-aﬁen{

wr-t-h—a—hee’#m—he&m-eut-h At present |nteract|ons W|th protected species are a$essed usng Federal Iogbooks and
observers (4-5% coverage), which may lack sufficient statistical power to estimate monk seal mortality/serious injury
rates from longline interactions. However, since 1991, there have been no observed or reported interactions of this
fishery with monk seals.

Table 1. Summary of incidental mortality of Hawaiian monk seals due to commercial and recreational fisheriessince
1990 and calculation of annual mortality rate. n/aindicatesthat sufficient data are not available.

Fishery Name Current est. Range of Observed Estimated Mean

Years # of vessals Date type observer rnort. (in rnort. (in annual

coverage given years) given years) mort.
NWHI lobster 91-978 9,12,0,5,1,5,9,5 Log book n/a n/a n/a n/a
NWHI 91-948 17,13, 12, 16, 17,
Bottomfish 16, 154,14 n/a n/a n/a n/a n/a
Pelagic longline | 91-978 141, 123, 122, 125, Observer
110, 103, 105, 114 Log book 4-5% 0 n/a n/a

Recreational 91-95 n/a n/a n/a [0,0,0,1,1] n/a n/a

" Data collected incidentally.

There have al so been interactions between recreational fisheriesand monk sealsin both theNWHI and around
the main Hawaiian Islands. At least three seals have been hooked at Kure Atoll, but such incidents should no longer
occur at this site becau se the atoll was vacated by the U .S. Coast Guard in 1993. Inthe main Hawaiian | slands, one seal
was found dead in an offshore (non-recreational) gillnet in 1994 and a second seal wasfound dead with arecreational
hook lodged initsesophagus. At least seven other seal s have been hooked. Three of theseincidentsinvolved hooks used
to catch ulua (Caranx spp.). One hooked seal had been trandocated from Laysan Island to the main Hawaiian Islands
in July 1994. The recent establishment of sport fishing at Midw ay clearly increases the potential for monk seals to be
harmed by hooks at that site.

Fishery Mortality Rate

Because monk seals continue to die as a result of entanglement in fishing debris and data are unavailable to
assess interaction with specific fisheries, one must conclude that the total fishery mortality and seriousinjury for this
stock is greater than 1) zero allowable take under the Endangered Species Act and 2) 10% of the calculated PBR.
Therefore, total fishery mortality and seriousinjury can notbe considered to be insgnificant and approaching arate of
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zero.

Importantly, fishery interactions with this species have not been adequately studied and, therefore, the
information above represents only the observed level of interactions, not the truelevel. Without further study, the true
level of interaction cannot be estimated. In addition, interactions may beindirect (i.e., involving competition for prey
or consumption of discards from the bottomfish fishery) and, to date, the extent or consequences of such indirect
interactions have not been evaluated.

Other Mor tality

Since 1982, 19 seals have died during rehabilitation eforts, five during research activities, three while held
in permanent ceptivity, and two when captured for translocation.

Seals have also died after encounters with marine debrisfrom sources other than fisheries. In 1986, a weaned
pup died at East Island, French Frigate Shoals, after becoming entangled in wire left when the U.S. Coast Guard
abandoned the island three decades earlier. In 1991, a seal died &ter becoming trapped behind an eroding seawall on
Tern Island, French Frigate Shoals. This seawall continues to erode and posesan ongoing threat to the safety of seals
and other wildlife.

Theonly documented case of illegal killing of an Hawaiianmonk seal occurred when aresidentof Kauai killed
an adult female in 1989.

Other sources of mortality which are (or may be) impeding therecovery of this population include mobbing,
sharks, poisoning by ciguatoxin or other biotoxins, and disease/parastism. Mobbing occurswhen multiple mal es attempt
to mount and mate with an adult female or immature animal of either sex, often leading to the injury or death of the
attacked seal. Since 1982, at |east 6466 seals have died or disappeared after being mobbed. The resulting increasein
female mortality appears to be a major impediment to recovery at Laysan and Lisianski Islands. # Mobbing has also
been documented at French Frigate Shoals, K ure Atoll {aHheughretreeerty), and Necker Island. The primary cause
of mobbing is thought to be an imbalance in the adult sex ratio, with males outnumbering females. In 1994, 22 adult
males were removed from Laysan Island, and only ene two seals ts are thought to have died from mobbing at this site
sincetheir removal (1995-9%8). Such imbalances in the adult sex ratio are more likely to occur when populations are
reduced (Starfield et al. 1995).

In additionto mobbing, aggressive attacks by single adult maleshaveresulted in several monk seal mortalities.
This was most notable at French Frigate Shoal sin 199¢8, where at | east8 pups died as aresult of adult male aggresson.
Many more pups were likely killed in the same way but the cause of their deaths could not be confirmed. Two males

who had been known to Kill pupsin 1997 were observed exhibiting aggressive behavior toward pups at the beginning
of the 1998 pupping season. _These two males were translocated to Johnston Atoll, 870 km to the southwest.
Subsequently, mounting injury to pupsdecreased and survival to weaning in 1998 was markedly higherthan in 1997.

The incidence of shark-related injury and mortality may have increased in the late 1980s and early 1990s at
French Frigate Shoals, but such mortality +swas probably not the primary cause of the recent decline at this site (Ragen
1993). However, indications are that shark predation has accounted for a significant portion of pup mortality in the last
few years. The anndarate-antrumberof-shark—retatee-moertalitres potentid causesof high pup mortality, including
shark predation, disease, male aggression and food limitation is currently being investigated at French Frigate Shoals.
Poisoningby ciguatoxin or related toxins is sugpected asthe primary cause of theL aysan die-off in 1978, and may have
contributed to the high mortality of juvenile seals translocated to Midway Atoll in 1992 and 1993. W hile virtually all
wild monk sealscarry parasites after they begin to forage, the rol e of parasitism in monk seal mortality isunknown. The
effect of disease on monk seal demographic trendsis also uncertain.

STATUS OF STOCK

In 1976, the Hawaiian monk seal was designated depleted under the Marine Mammal Protection Act of 1972
and as endangered under the Endangered Spedes Act of 1973. The species is assumed to be well below itsoptimum
sustainable population(OSP) and, since1985, has declined approx imately 34% per year. Therefore, the Hawaiian monk
seal ischaracterized as a grategic stock.

Habitat |ssues

The catastrophic decline at French Frigate Shoals is thought to be rdated to lack of available prey and
subsequentemaciation and starvation. Thetwo | eading hypothesesto explain the lack of prey are 1) thelocal population
reached its carrying capacity in the 1970s and 1980s, and essentially diminished its own food supply, and 2) carrying
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capacity was simultaneously reduced by changesin oceanographic conditions and a resulting decrease in productivity
(Polovinaet al. 1994; Craig and Ragen in press;). Thus, this population may have significantly exceeded its carrying
capacity,leading to acatastrophicincreasein juvenilemortality. In addition, available prey also may have been reduced
by competition with the NWHI lobster fishery. Monk seals forage at the four main banks where the fishery has
primarily operated: Maro Reef, Gardiner Pinnacles, St. Rogatien Bank, and Necker Island. |n 1998, thefishery expanded
into areas where monk seal breeding populations are concentrated within the fishery’s Area 4. Thus, competition for
prey merits investigation. This potential for competition cannot yet be evaluated because it is not known if lobster is
an important com ponent of the monk seal diet.

A second important habitatissue is the management of human activitiesat Midway Atoll. Historically, human
activities have led to the near extinction of the resident monk seal population at Midway both in the late 1800s and
again in the 1960s. The seal population failed to recover in the1970s and 1980s, but isfinally beginningto show some
signsof growth duetoimmigration from nearby sites. Management jurisdiction of Midway Atoll has been transferred
fromtheU.S. Navy totheFish and Wildlife Service. The Fish and Wildlife Service maintains arefuge station at Midway
Atoll by cooperating with a commercial aircraft company that uses the runway on Sand Island (the larged island at
Midway Atoll), and support its operations, in part, by establishing an on-siteeco-tourism destination. Tourist activities
includearange of land-based and marine recreaIronaJ activities (e.g., scuba dlvmg and sport fi shlng) aswell asharbor
services to visiting vessels. A i

SerV| ceand NMFS areworking cooperatively to ensure that htran ecotourism activities do notimpederecovery at this
rmpertant site.

A+ Another important habitat issueisthe degrading seawall at Tern Idand, French FrigateShoals. Tem Island
isthe site of the U.S. Fish and Wildlife refuge station, and is oneof two sitesin theNWHI accessibleby aircraft. The
islandand the runway have played akey role in effortsto study theloca monk seal population, andto mitigateitssevere
and ongoing decline. During World W ar |1, the U.S. N avy enlarged theisland to accomm odate the runway. A sheet-pile
seawall was constructed to maintain the modified shape of theisland. Degradationof the seavall iscreating entrapment
hazards for seals and other wildlife, and isthreatening to erodethe runway. The loss of therunway could lead to the
closure of the Fish and Wildlife Service gation a thesite and would thereby reduce on-dte management of the refuge.
Theloss of therunway and refu ge station would also hinder research and management efforts to recover the monk seal
population.

A fourth important habitat issue inv olves entangl ement in marine debr |s—as-deseﬂ-beel—abe\+e—Maﬁne—debHs+s

seal—have—reeem—ly—beguﬁ In 1996, efforts commenced to assessand remove potentlal ly entangling mari nedebrlsfrom
reefs surrounding haulout sites utilized by monk seals. Preliminary surveys suggest a very large number of nets are
fouled on nearshore reefs in the NWHI, and may pose a serious threat to seals feraghg in these areas. During 1996-
1998 debris survey and removal efforts, 11,000 kg of derelict net and other debris were removed from coral reefsat
rench Frlgate Shoals and Pear| and Hermes Reef (Boland, Qers comm. ) Feﬁe*amﬂe—surveysat—Freaeh-Fﬂgafe-She-ah

Recent interest in the harvest of precious coral inthe NWH | represents a potential for future interactions with

monk seals. Theremeveal-of-coral-ana-the-subsegquent impact that removal of precious corals might have on monk seal
prey resources and foraging habitatisnot eatrentty-trrknow n. How ever, recent studies of sealswith satellite transmitters

and surveys using manned submersibles indicate that some monk seals forage at patches of precious gold corals
occurringover 500m in depth (Parrish, pers. comm.). Recruitment of gold cord is very slow (perhapson the order of

100 years), so there is concern that harvesting could have a long term_impact on monk seal foraging habitat.
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